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PREFACE 

Thk de\^lapmeoL of a scientiScallv av^are generauon uill have 3 major impact upoo the 
pTiliru Ik ai»j ibe poiky^tnakisg process of a democratic society. Ciuzens *Iio Icnow their 
1* ^-^ run . best interests are most tikel; to promote them through all the means sx nsnd . Being 
a^art onl> the beginning. Once a society perceives a need and sets objectives, n then moves 
If allxau its available resources to the priorities iBdicated by the goah and objecUves. As 
ir\fr\ e]€^mentary ecoi^mic student knows, the basic resources of the society bt0 naturai 
ft^*tiTCfr% capital, and human resources. In an earlier age natural resources detenmned a 
^TTi^iv'^i Wealth dind ttej/are. especiaih in the fertihty of its soiJ. Consequently, though natural 
nvrLrces ne\er {ast iheir. importance, capital resources: the technology^ to expand man's^ 
projecuvity. rose to prominence." . . ' 

^ ^ A appear U) be entering an age hen human resources v^ili dominate. It is a time when 
tht most critical problems of society do ftot lend themselves lo attack based on land, new 
mat<rnals. or mathine^ Thfi p rimary tools of this society are the talents aI^d skills'of its people, 
Wharever jts problems, the search" ^or peace, the abolition of poverty, the pj;evenUon and cure 
-f diStast. ;he reduction of crime or the control of environmental quality, the solutions depend 
Lp^.r. dedicated, talented, ^d v^etl^rai^ed people v^ho understand and «ho can intelhgentlj; 
list "Ahatever technological toob are available. It is the growing awareness of this new 
d^pt'idfrncy that has pushed the United States econoi&^c^to an educational investment which 
ha5 expanded from biUion to $S5 biJUon in 25 years. It is the same phenomenon which 
urdtylines the emergence of remedial man^power programs to assist those unable to compete 
s;^ict^sfu!J> in the more sophisticated labor markets. ^ is the same awareness which has forced 
us u take a closer look as to what is currently happening in our educational programs and for us 
pani^utarly the science education jprogram. 

\!thougb science education has enjoyed a strong position in the educational hierarchy, little 
emphasis has been placed on the appiicatiori of science to society. The major thrust in 
education todayis "career education*'. Ai career education is considered as an inter^disciplin* 
ary activity, science is often excluded because "spence teachers are so busy teaching subject 
matter they canno^t relate to the processes of science and how science appUed to the woHd of 
work*". ■ 

This reaction is unfortunate and highly inaccurate, because any competent science teacher is 
constantly attempting to make subjea matter relavant and pertinent and what better way to 
make it more meaningful than to relate it to the woHd of work. If career education is education 
for a living, then science might rightfully be considered as the prime essential of 11^. thust 
sc.ience career education must therefore be a very practical kind of education. How can science 
teachers continue to teach in ways which fail to brin^ practicality into science education? 

All too often science stuSeins ask **Why do I have to learn that? I don't heed it." This is 
especially true of terminal students wHp need be better prepared for the cold hard world in 
which they wilt suddenly sooner or later be thrust. It is also true in many cases of college*bound 
students who consider science as a foundational course material. Many science educators are 
constantly and diligently seeking innovating ideas to teaching the subject matter^ 
Unfortunately, their efforts are focused on ihe subject matter or course content rather than on 
the students. It isbetter if they seek ways to stimulate the students in their desire to learn- We 
contend that if teachers would make existing programs relevant, then students would act 
positively How do^es one make a science relevant for the norr^academic student when it is 
difficult enough to maintain the interest of those who may need or want the science courses, but 
to those who neither want pr need it. is is almost im^ssiblc. , 

Science instruction as related to the cai^eer education philosophy becomes the answer to 
many of the problems in teaching today. It is an excellent way to make science relevant, 
practical, and interesting. It can stimulate th^ terminal student because he can make use of it 
without the neecTof detailed theory. By the same token^ it can be used to teach theory and 
principles to academic students so that it may be understood easily and applied immediately. 



In this approa^ nauiral science instnicUon is and musi be focused on the student. One of the 
majoi goals in saence teachiag is to ha\ e tbe student de\ elop tbe process of making decisions. 
Tliefe are i^^aha^>I3r rigliis an6 wrongBy v^hBu h comes to mdldng decisions but as dXizens we 
must make decisions. There nxay ^ell be no real ri^H or wrong for tbe sim|% reason that the 
product must suit tbe needs of the buyer. These needs vretl laij &om one indivi&al t# 
another. \Miat m^ht be emphasized m career sd^ncBJs how to e\aluate products in lighi or 
needs.' The goal should be to investigate awareness and relate to self throu^ logical pnnoples 
bf evaluation. Here every person uses the so-called scientific method without r«a!I> being 
aware of it for what it is. 

V 

We have provided this guide to assist the teachers of natural science^ grades K-12, hy 
providing the framewori for the defetopment of their local distncti building, and classroom 
program. Th^ should also serve as the framev^ori; for the pre^ervice and in*ser\ice tramihg of 
teachers hy iik higher education institutions. 
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TBDB BEASON FOB, NATURAL SCIENCE EDUCATtON 



The purpose of the natyral science education program for Delaware's stadents i^to lead to 
the sequential devebpment^of a sdentifictBj theimte person* Altboogb thi| is considered to be 
the central purpose of natural sdence ^dcation« a single or ^'i^est way** of pursuing thi^^^^al 
candot be specified. The diverse naUui of scboolst students, and teadiers necessitates a 
variety of programMnd approaches- 

***To develop a scientifically literate citizenry, tbe State Board of Education 
* recommends that: ~ ^ , ^ 

^ewety student have^ an opportunity for many natural sdence 

.experiences every year. 

^thatthe K-12patural s%:ieiice"expenence takes into consideration individual"*^ 
differences of students and reflects the students" emotional, ethnic, moral, 
geographical, and economic background. 

*every teacher of natural science be supplied with adequate facilitieSf 
equipment, supplies, and the time to utilize these at the various grade leyeb 
of the student. , * - 

^hat natural science be presented as a unified discipUne, integrated and 
coordinated with other discipUneSf such as mathematics, social science, 
economics, political science, reading, and cvmmunicat^n skiUs, 

'increasing emphasis be placed on science processes, concepttqpal schemes 
hnd values, and less empHasis on factual information. * 

■ ' .• ' I ■ ■ 

•di^'ect experiences with the natural world or in laboratory (hands on) 
: activities should comprise the major portion of the science program. 

V 

^te^^tbooks should facilitate inquiry^ rather than being -writ^n to replace 
laboratory (hands on) experiences. The use of recorded material (othet' 
media as well as printed material) should be integral parts and dependent 
upon laboratory experiences* (The materials used i^ no^ discriminate 
' ' aga^st the ethnic, moral, geographical, or sexual background of students.} 

'natural science education programs include environmental education that 
mterrelates natural phenomena, environmental influences, science, techno- 
logy, social implications of science and technology, and economic considera* 
tions. ' " 

'natural science education programs incorporate the philosophy of career 
■ ^ education, emergency preparedness, health (drug and sex) education, but 
' ' thiS'is not the sole curricular area responsible for these^philosophies. 

^opportunities for the professional growth of teachers of natural science be 
considered an integral part of natural science education programs so that 
teacher's own deeper insights can he brought tp bear on the science 
programs designed for scientific literacy. 

*the achievement of scientific literacy should be the basis for setting 
objectives; for selecting content, learning experiences, methodology, and 
for d^velopifig a system of evaluation. 
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This guide is meaat to serve as a minimal standard for natural science education but at the, 
same tinie strive for maximum otttputx»f the natural science program. The guide is based on the 
processes of science education as whS^ the co'ncepts, and attitudes vf^fb terminal objectives in 
areas of the biological, physical, and ^drth sciences, at ihe learning levels of K*i, 5*S, and 
9-12. These are not the day-by-day activities or materials to be used itt"the accomplishment of 
the terminal objectives. The development of this aspect of the curricul qm is the respo nsibility 
of the classroom teacher^ students^ and coordinated by the bailding^t,.^djstna curriculiS" 
specisLists and the State Depailment of Public Instruction , . ,\ - ' 
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PHILOSOPHY OFNATURALSaENCEEDUCATlON 

FOR DELAWARE'S SCHOOLS . ' . 

When a student coippletes his experience in O^a^are's scbool^^\should have^ekched a 
^eve! of proficiency in these four basic goals. A I- 



Attitude Goal: To develop those value?, aspirations, and atUtudesrwhich 
^zHideriie the personal involvBrn^nt of the indlvidtial'wUIx His environment 
and with mankind. ' ^ . * ^ ^ 

> ■ * 

2, ^ RaiiioDal Thinking Goal; To develop the rational thinking processes which 
undetlje scientific modes of inquiry, 

Sktlle Goal: To develop ftindanjental skills in manipulating materials and^ 
equipment and in gathering, organizing, and communicating scientilic 
information. 



4. Knowledge Goal: To develop knowledge of specifics ^processes, concepts^ 
generalizations, and unifying principles, which lead to further interpretation 
and dTetion of objects and events in the natural environment. 

In order to attain these goals, a set of terminal objectives hav4 been established. Each 
terminal objective is a culmination of a student's science achievement from kindergarten 
through his high school experience. 

*■ ^ - 

The follo^jng^ages identify the four basic goals and their terminal objectives to se;rve,as a 
framework for the development of ycftir science program, ■ ^ ' - ^ 




^ The' student has a critical 
atttuide. toward unsupported 
inferences* hypotheses, ami ^ 
theories, ^ ' 

The student is intrigued by ob* 
jecLs and e\'ents in his environ- 
ment. 



ATTITUDE GOAE?,* 



To develop tHose values^ 
pirations* and attitudes whitb^ 
umjeriie th^.personal involve- 
ment of the^dm(£ial witfi bis 
' environment ^aod rwitb man* 
kind. ' 



The student appreciates the 
interrelatedness of science, 
technology, and society. 

The student T*illingly subjects 
his data and ideas to the criti- 
cism of his peers. 

The studei^t is aware of and 
rli^onds in a positive manner 
'&>. beauty and orderliness in his 
environment. 

'Hie student conducts and re- 
ports the results of his scientific 
investigations in an honest and 
■ objective manner. 

The student r^gnizes the 
limitations o/ soentiBc modes 
of inquiry and the* need for 
additional, xjuite different ap- 
proaches to the quest for 
reality. 



The student habitually applies 
rational* and creative thinking- 
processes wheii attempting to 
explain discrepant events, 
when trying to ^nd relation- 
ships among seemingly unre^ 
lated phenomena " and when 
seeking solutions to sdence- 
basedprobletns. . 



The student fonnalates tenta* 
tive stateioents Otifere&ces, 
hypotheses, tbeoretkal models) 

pt^eQonietia. 

The student draws iiiferences 
from d^J^ and distinguisbes be- 
tween empirical data and infer- 
ences. 



^SATIONAI THINKING GOAL 
entiBc mode? ojFiflqdiy/ ' 



The student fonnulates 
and tests predictions derived 
from inferences, hypotheses/ 
graphic, and theoretical modeb. 

The student identifies the 
x'ariables which may materiaily 
influence a given interaction in 
a systen? and find ways " to 
control and manipulate the 
identified variables. 

The student generates relevant 
data to verify or * ^define 
inferences* hypotheses, and 
theoretical modeb. 

The student senses* the exist* 
ence of discrepant events and 
problems which arise wh^ he 
is ihyestigatii^g . natural 
phenomena} 

f 

The student uses the processes 
described under this gpal, . 
requisite, manipulative,, and 
communication skills and 
altitudes, and his ftinclional 
understandin'g of the conc^pt(s) 
involved de^gn, cauy out, 
and report nhe findings of an 
experiment. 

The student selects criteria for 
and develops classification 
systems and uses his systems 
and those of others to classify - 
given otyects and events. 
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Tbe student cDhumimcates^dtb 
others, oraQy and in writing, in 
a maimer that is cdnsistenl^^ 
his knowledge of scientific 
conventions and that facilitates 
tbe learning of bis readers 
listeners. 



Tbe student records observa- 
tions aomately ^nd organizes 
data Slid ideas in ways that 
enhance their usefulness. 



SKILLS GOAL 

To detdbp jphdaroental skiUs 
in maMpolatbg, mateTials^^^ 
equipnTOt, ^d in ga^rtng^ 
cozmnunk^ting, and organizing 
scientific information, * *' - 



Tbe student gathei;s descripdv*e 
and quantitative information 
' needed for developing or Jtest* 
tng inferences and hypoShes^ 
/ ^by means of purposefiiL. objec^ 
live obset^^ons of things ^d 
events. 



'The student .constructs and 
handles laboratory apparatus in 
a skillful maimer, giving due 
attention to accident 
prevention. 



The student gathers needfed 
data, whidi have been generat- 
ed by others from a varied of 
sources. 



The stadeBt demonstrates a 
' knowledge of specifics - fzcts^ 
: ' COTvention, sequences, clas^- 
calions, acd aHeiia* ' 



ENOWl£DGEGOAL 



To def^jk^lcQpi^jb^ 




The student demonstiaies a 
knowledge of the relationships 
between- science and society. 



The .stqdent demonstrates at 
knowledge ^ of concepts, 
generalizations^ and unifying 
principles. 



The student knows Ihf major 
processes " and procedures^ 
which are employed in scien^, 
Uficinquiiy. - ' 



PROCESSES OF SCIENCE EDUCATION 

' In order to determine theIe\etof dchie%iemeniof ^deius in Delav^are's public schools* a 
of mmtmnm oi^ecthes has been IstabUsbed. Each of ot^ectn'es is based an one or more 
processes thatgiv^e a defihUe Indication of a student's progress. 



PROCESS 



OBJECTIVE 



FoUo^ingis a iistof the eleven major pnxe^i^ thai ha%fc btren tdeniifi^ which includes the 
great ma^oniy of student activities that are agpropnate fur K-12 school experiences. Along 
with the term associated nith each process is a sihon de^fnpuve paragraph to help dani? the 
intended meaning of the terms. ' - 

Hiese processes are not listed, to impb use of the progjaxn^ Science. A Process Approach 
fAAAS), but are the processes used for an^ natural science or envircn^entai education 
program. 





PROCESS ^ Observing 

Obsenations can be made in a varieu of waj s using all of the senses. WTiere 
direa s^^nse experience is not adequate for maldng needed observations, 
indirect methods are used. Objects and events ma^ be observed wiih respect to 
m^nv qualities and Quantities When obsenatrons are made to accumulate 
data from vthich inferences v^Hl be drsv^n. the precision of the observations is 
cntical. Precision is often inipro\ed b^'.miJung quantitative observations. 
Observations are influenced by the experience of tbe observer. 

RIOCESS - Classifv^ng 

Classi^ring is the grouping or ordering of phenomena according to an 
established scheme. Objects and events may be classified on the basis of 
observai4ons. Classlficational schemes are based on observable similarities 
and differences in arbjtraril> selected properties. Classifioational keys are used 
to place items M^ithin a scheme as well as lo retneve information from a scheme^ 

PROCESS ■ Inferring 

Inference, while based on obsert^ions, requires evaluation* and judgment. In- 
ference^ based upon one set of observations may suggest further observation 
which in turn requires modification of oijgina) inferences. Inference l&ads to . 
prediction^ • " " 

PROCESS ■ Prediciirig r i 

* * ■ * 

Prediction is the formulation of an expected resuk ba^ oh, past experience. 
The reliability of prediction depends upon the accuracy of pastobserva^onsand 
upon the nature of the event being- predicted. Prediction is based upon influ* 
ence. Progressive series of observations and, in particular, graplis are import^ 
ant tools of prediction in science. An eitperiment can verify or contradict a pre- 
diction,. 




PROG§$S- Measuring ' 

Measuring properties of objects and events can be accomplished by direct 
comparisoh or by indirect comparison ^ith arbitrary units which, for purposes 
of communication, may be standardized.' Identifiable characteristics which can 
be measurjed may be interrelated to provide other quantitative values that are 
valuable in the description 6\ physical phenomena. > 
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• — ( PROCESS -Conimatucaiing 






in order to communicate observatioos* accurate records must be kept whi^ can 
be submined for checking and rechecktng by others. Accumulated records and 
their analysis may be represented in many wa>*s. Graphical represeotaiioiis are 
'ofteD used since ihey are dear* concise, and joeaningful. Complete and 
understandable expenroental reports are essential to scientific comrminicauon. 

PBOCESS - interpreting Data ^ 

Inteipreting data requires the application of other basic process skiUs - in par- 
ticular, the processes of inferring, predicting > classifying, and communicating. 
It is through this complex process that the usefulness of data is de^rmined in 
answering the question being investigated, Interpretations'are al*a)*s subjea 
to revision in the light of nei^- or more refined data, 

PROCESS * Making Operational Definitions 

Operat]ona> definitions are made in order to simplify commumcauon concem- 
mg phenomena bemg mvesugated. In making such definitions it zs necessai> 
to pve th'e mmiraum amount of information needed to differentiate that which 
IS b^mg defined other similar phenomena. Operational definitions may be 
bas^ upoa the observable characteristics of ihe phenomena and upon the 
operations to be performed, Operatonal definitions are precise and. in some 
cases. bas€^ upon mathematical relationships. ^ ' 

PROCESS - Formulathig Questions and Hypotheses 

Questions are formed on the basis of observations made and usuall> precede an 
a^empi to-evaluate a situation or event. Questions, when precisely stated, are 
profflemsto be soKed through application of the other process of science. The 
aUempt to answer one question may generate other questions. The formulation 
of hypotheses depends directly upon questions, inferences, and predictions. 
The process consists of devising a statement which can Be tested by expexj- 
ment. When biore than one hypothesis is suggested by a set of observations, 
each must be stated separately. A workable hypothesis is stated in such a way 
that, upon testing, its credibility may be established . 



PRtoCESS,- Experimenting 





Experimenting is the process of desiring data^-gatheringprocedjures as well^s 
the process jgathering 4ata for the pui^se of testing a hypothesis. In a less 
formal* sense* experiinents may be conducted simply to make observations. 
However, even here there is a plan^ to relate cause-and-effect. In an experi- 
ment, variables must be identified ajtd controlled as much as possible. An ex- 
perimental test of a hypothesis fe designed to indicate whether the hypothesis is 
to be accepted, modified, or rejected. In designing an experiment, limitations 
of method and apparatus inust be considered. 

f ROCESS - Formulating Models > 

Models, whether physical or mental, are devised on the basis of acceptable 
hypothesis' or hypothesis that have yet to be tested. .Models, are used to 
describe and explain the mierrelationships of iHeas. In many cases the mode) 
^plies new hypothesis, if testiff^ these hypothesis results in new information, 
'the model must be altered to include it. * . ^ 
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Each of these processes have different levels of difficulty thatare^based on the age and ability 

levels of a particular student. With this in mind, the foUov^ing are the minimum ^acceptable 

proficiency fevels for students completing the grade levels covered by^this guide in a Delaware 

school. ' y >t ^ 
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PROCESS ABIUrf IfJVpS 



Observing 

Identifying changes in propfsrties and measuring rates of change. 
Differentiating constants from variables. 
Identifying correiational changes in v*afiable5. 

\ I 




Setting limits as a means of grouping on the basis of a continuous variable. 
Developing classificationaJ schemes of t^o or more stages of sub-^ets havmg mutualh 
exclusive categories. \ 
Using an accepted classificational system or key to ]denul>- objects or phe'ftomena. ' 
L'sing characteristics observed under imposed conditions as a basis Vor grouping 

Inferring \ 

Stating cause-and^ffect relationships from observation of related events. 
Identifying Innitations of inferences. 

Modifying ancL extending inferences to include discrepant events. 
Developing p\^)S to test the validity of inferences. 
Using inference?^ to suggest further observation. 
Extending inferetkes to formulate models. 

\ 

Predicting " ^ 

Limiting variation in conditions affecting prior observations in order to improve the accuracy 
of predictions. : " 

D^onstrating the accuracy of predictions in order to establish the validity of previously held 
concepts upon which the predictions are based. 

Using interpolation and extrapolation as a means for making predictions. ^Estab^shing 
criteria for stating confidence in predictions. 

Measuring 

- Identifyipg measurable physical quantities which can be used in precise description of 
phenomena. " ' " 

Measuring quantities which depend upon more than one variable. 
Using and devising indirect means to measure quantities. 
Using methods of estimation to measure quantities. 

Communicating ^ 

Stating questions '^d hypothesis concisely without ambiguity. . 
Constructing tables and graphs tb communicate data. ^ ' 

Plannin^for communication of procedures and results aS an essential part of an bxpenmenj/ 
Reporting experimental procedures in a fonti'so other persons can replicate the ^) penmer 
" Usin^ mathematical analysis to describe interpretations of data to others. 
Using tables and graphs to convey possible interpretations of finite data. | 
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IntefpretiDg Data 



Describing information as it is displayed on tables or graphs. 

Making and explaining inferences from tables or ^graphs. 

Setting criteria for assessing the validityr ptecisionr and usefulness of dat^. 

Companpg sets of related data to test the credibilit; of inferences and generalizations. 

Selecting the most acceptable interpretation from multiple interpretations of the same set of 

data. 

Determining estimated \ alues of statistics from sample^bt^and e\aluaung probable errurs. 
Stating criteria for restricting inferences and generaiz/tions to ihpse mferences and 
generalizations supported by data. ^ 

Making Operational Definitions f 

Stating minimal observable characteristics required for an operational definition. 
Establishing the criteria for operational definitions according to the use intended for the* 
definitions. 

Evaluating the suttabihty of operational definitions, 

describing the limitations of operational definitions. " 

t'sing mathematical relationships in making operational definitions. 

Ft^-rmutatirtg operational deftnttions of experimental parameters such as &\stem boundaries. 

data gathering procedures and interactions of variables. 

* . ■ *^ 

Formulating Questions and Hypotheses 

* 

Separating broad questions into parts which, when answered^* will contribute to- a 
comprehensive explanation. ^ 
Asking ^questions or stating simple hypotheses which can be t^ted..^ 
Stating hypotheses in forms which suggest the variable to be manipulated. 
Difftf-rtf-nttating betv^een h>pothese& which must be tested qualitatively and those which can 
be tested quantitatively. 

Stating negative hypotheses in an attempt to eliminate variables. 
Experimenting ^ 



identifying relevant variables in an experimental situation. 
.Vfaintaining an accurate record pf experimental proc,edures and results. 
Controlling those variables not a part of the hyjiothesis being tested. 
Identifying sources of experimental error. 
Describing the limitations of experimental apparatus. 
Describing the limitations of th"^ experimental design. 

Formulating Models ' ' ' / ■ 

• ■ ' y 

Constructing a physical representation, a dra^g, or a mental image to explain observed * 
phenomena. 

Extending physical or mental models to include related phenomena. 

Modifying existing; models to include new observations.^ "^^^ 

Formulating physical or mental models idealizing observed conditions in orde^ to minimize 

variattpns | ' - } 

Devising tests for the cre,dibility of an existing model. X 

Stating limitations for models. ^ ^ 
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CONCEPTS OF SOENCE EDUCA3I0N 



Concept 



Objective 



Mcmng up the ladder eacb process i& based on a. conceptuaj scheme* thus altowing each 
objective to be developed under the concepts. Six major concepts have been identified for 
bchision in the natural science cumculum in Delaware's K-12. schools. These concepts are 
de^fined as follows. 




f Diversity: The vast number of natural plienomena which can be observed 
f display a wide variety of similarities and dUYerences. 




Cbange. Our env-ironmeni. living and nonliving, microscopic and macroscopic, 
is constantly undergoing change. ^ / 




Conlmuity: There is constancy in cause*and-effect relationships ^which 
precludes any abrupt reversal in natural phenomena. 



ERIC 




'InteraciioD. The interactions of living and nonliving matter iikan environment 
and the resulting change of energy determine the nature of tie environment. 
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QrganizsUon. Systematic ^latlonshtps exist in natural phenomena. Sygtams 
within systems comprise the miiverse. 



Limitation. Natural phenomena are limited h; the fundamental na^ture of 
matter and energy There is an overall tendency toward equnibrium in an 
environment. 



Curriculum Area 



Concept 



Process 



Ot^ecttve 



Environmental education is not a separate content area of the natural science programst it is 
part of the biological, physical, and earth sciences, with implications for the social sciences. 



GOALS & TERMINAL OBJpCTIVES 



.CURRICULtlMAREA 





L V ■ 

When ail this is completed, and the baaib objective achieved, the student is then on his ^ay to 
reaching the long range goals^ and t^rmihal objectives thit should be achieved ^ before 
graduation. I ^ * C ^ 

[ ' - ^ I ^ ■ ... ' 

On the following pages miijima objectives for the senior high school curriculum have been 
indicated. These objectives have I^en broken down by course area* i. e. earth sdenc^, 
jphysicarscience, biotqgy, chemistty ahHjjJiysics. It should be stressed that these are pinimal 
. objeaives. However, these objec^ive^jihbuld serve as a guide fo^^course development and 
updating pourses-- precen^y be^g'taugKt-^^^ ' " 
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EAETH SCIENCE OBJECnVES 

4 

Describe the general conversion <if ope form of energy to another. 

Ttace sotar energy through its various changes. 

Illustrate by using natural examples: 

How energy may flow or be stored. ' 
Hjm* energy may be transferred or transformed. 

Explain why a frame of reference is important in despibi^ the motion (or rest state) of an 
object. 

Describe experiments that support the concepts that: ^ • 

The ear^ rotates on an axis. 
The eanh revolves around the sun. 

1 - 

Cite examples of the relationship among lime of day, seasons, and the motion of the earth, 

Describe in the student's own words' theories for the origin of the solar system and identify at 
Jeast one major flaw in each. 

Describe methods that can be used to find the sbape^'' size, density, etc, ^ the earth. 

Describe some general physical characteristics of the atmosphere, \ydrosphere, and 
lithosphere. , 

Discuss the relative importance of several common elements of each sphere in terms of 
abundance and chemical activity. 

List the elements that'occur in abundance in aD three spheres. 
Explain- the theory for origin of the sun's energy. 

Correlate unequal heating, gravitation, and rotation with unequal pressure distribution and 
^c'onvective circulation iii the^atmospHere. 

Describe the effect of in-Qoming solar energy on the development of the general structure of the 
atmosphere. * 

Relate the properties of a g^ in terms of tepipe|6ture, pressure, and voluroe. 

. Describe and give examiptes of moisture (water) in the atmosphere. 

Desc^e, in the stj;idents own words, how the lower part of the atmosphere produces the 
*'gr0iShouse effect". ' . 

Relate changes in tempera ture,.^ressure, and volume to tl|e production of pressure ^Us, 

■I *^ ■ - * ■ " \ 

^Deftng operationally ^^esem and cold fronts in terms of air-mass movement, . . 

Discuss how geographic location, topography, nearby water, population center, etc. will 
influence local weather. ^ * 

Make a 12. 24 and 36 hour weather prediction for his school's locality from weather maps for 
successive days. - 
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Explain several ways by which waves and currents ar^ 'generated at or near the 
bydrospbere^atmospbere boundaries. 

Discuss, in his own words, the formation of tides. 

Trace the major oceanic drculation patterns on a map of the world, e 

Describe tbe major topo^graphic feaUires^f continental shelves, continentai slope and ocean 
basins, and suggest hypotheses concerning their origin, . ' • 

List shoreline features and correlate the production of these features with wave ind current 
activity in shallow -water along The Delaware Coastline. \ ' j 

Ideniify several unfamiliar minerals with an appropriate mineral key. 

Identify texturat, and compositional features in hand specimens of common rocks. 

Explain the origin of metdmorphicrocksby discussing the temperature, and pressure conditions 
that may be inferred at increasing depths within the earth's crust. 

Describe the environments where sediments may accumulate and how sedimentary rocks are 
formed. , ■ 

■* 

Trace a particle of matter through the rock-cycle along various paths it take. 

Illustrate with example how geologic processes tend toward an equillibrium state as tbe earth's 
surface is modified. /: . 

Aelate t^^origin of sedimentary rocks to weathering, mass movement and erosion. 

Describe in the students own words how & why an earthquake occurs.' 

Explain how earthquake (seismic) wave data are used t&postulate the general interior structure 
of the earth. . 

Cite evidence and explain uplift ^emergence) and subsidence (submergence) of crustal blocks 
not necessarily associated wlih geosyncline mountains. . ^ , 

Loca^the major earthquake and volcanic areas on a map of the world (past and presentj and 
identify areas where ^future activity might be predicta&le. \ 

Explain radioactive decay and how it may be used to measure geologic time intervals. 

Demonstrate a familiarity with the Geologic Time Scale. " , ' 

Cite fossil evidence to sujiport the tti^^ that oipganisms have evptved from simple to more 
complex fornis. ' . < ^ 

Illustrate by example th^ use of fossils as t<^ls in interpreting ^arth history. 

Predict what changes in the earth mean annual temperature may occur t{remember the 
greenhouse effect) and how these changes may affect the natural environment if man*s activity 
constantly increases the abundatiCe of»carbon dioxide ^d dust in the atmosphere. 

Distinguish between renewable and non-renewable mineral, resources «(gmng examples of 
eac^) and suggest things that may^ be done to increase^ man*s use of some ^non-renewable 
mineral resources after these resources, have befen used in manufacturing.' 

\ ^ - * ■ * i 

! ' ■ ' 16 * . . : ■ . ' ^ 

* 
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Cotistruct hypotheses confieming the possible effects on future changes mthe earth's sur&ce of 
such technological application as rfflmming waterways (both smalf and large) and underground 
midear erplosions, etc- , » ' * " 

Demonstrat%|4S knowledge of the eaith^s position relative to the rest of the solar system and 
utilize this iSKnnation to compare and contrast characteristics of the planets. 

■ * f ■ * ^ * ^ 

Identify pbysilal features on the sur&ce of the earth using- a i r e ^ 1 pbc^grapby.'^ ^ 
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PHYSICAL SCIENCE OBJECITVES 



Add, subtract, multiply and divide (io base 10} numbers up to three digits., 

Traiiskte a word description of a mathematical relatiooslup into mathematical sentence. 

TmnsU^ a matbeEi£atipal equation into words. 

State whether a gi\en metric measurement is a measurement of mass^ \oIumei or leng£h. 
'Use correct units with both measured ^d calculated quantities. 
Defend the need for standarized units of measurement. 

CoDven units within a measurement system such as MKS (meter^ kilogram, second!. 

Comeri units in the MKS (meter, IdSogram, seqand^^^stem to units in the CCS (centmieter. 
gram, second) system and vice .versa. , " - _ 

Measure and record time in standarized units. ' 

Determine and record the temperatore of a liquid. 

Construct a demonstration to distinguish between heat and temperature. 

■ ■ ■ L ■ • 

Identify common, laboratory apparatus by name. 

t'se a double pan or triple beam balance to determine the mass of a sample of any solid or liquid 
taking proper precaution so that the balance is not damaged, none of the sample is lost and the 
sample h not contaminated. The value reported should be correct within the limits of the 
precision of the balance used. w *^ 

tnsert a gla&& tube into a rubber sto'pper demonstrating ability to ^e a lubricant and protect 
himself from possible injury by broken glass. v ' t ■ 

Heat a liquid in a test tube safely to boiling without any overflow of the liquid. 

Read the volume of a liquid in a graduated cylinder and/or a buret and record the 
measurements. 

Use a bulb and pipette to transfer a specified quantity of liquid hrom a stock bottle to a beaker 
with an accuracy of O.T. ml. , - ' 

Light a bunsen burner and adjust the flame approximately to achieve the desired use. 

- * * 

Use a mercury baroipeter to measure atmosphere pressure to the nearest^auUimeter of Hg, 
convert the reading to normal units of pressure and correctly descnbe a rationale for accenting 
this length of a column ol Mg as a measure of atmospheric pressure. 

1 r 

Construct an ^ectHcal circuit consisting of a power supply (or chemical celll a switch, a 
resistance (or chemical cell)^ a volt meter and an ammeter and detente the vokag^ and 
current in the circuit.* \ * * 

Identify those observations that are necessary and suffident to identify an object or class of 
pbjectd uniquely. 

In a labratory situation find the density of a give;i se^ple of a solid, liquid or gas. 

' 28 ■ ' ■ 
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Describe prt^rties e.g. densityt nieltiDg pomt, boQin^ point* heat ot ftmoaf best of 
vapoiizatioD, spedSc beat, eoh^ilitj. 

Describe a test whicb woold belp determine wbetber a sample of a material that appears to be 
uniform m composttian is a single substance (a &ee eleioent or compoand) or a mixture. 

Use a standard raference to locate information socfa as: (a) the density of an element or 
compound* (b) tbe spedSc heat of an element or compound^ (c) the heat of formation of a 
compoond, and (d) tbe vapor pressure of water as a fimction of temperatme. 

Translate a chemical equation into an ordinary. En^isb sentence* using onlj: common 
substarfces, _ ' - . 

Construa a table of data from a graph of tbe d^ and a grap^from a table of data. 

From experimental data for some variable which is a function of another variable* establish a 
suitable scale, locate points on a graph for each ordered pair and draw a "best fit'' curve fur tbe - 
data, 

* . ^ 

Constma a short word statement to describe what a table or graph commumcates about tbe 
responses of one variable to tbe manipulated variable. 

Apply rules for interpolation or extrapolation to predict &om a graph. 

Construct a frequency distribution for^a set of observations, ^ 

Identify tbe name of the variable tha^ should be held constant, the one that should be 
manipulated and the oiie that will respond to that mat^pulation in a test of an KJrpothesis. 

State tbe problem to be researched in researcbable terms. 

r 

Identify the elements of a problem on which a hypotheses could -be based. 

Generate hypotheses about tbe critical element in tbe problem. / 

Plaa to test hypotheses on the basis of. (1) identifying all the variables possible* (2j selecting a 
variable to be studied, (3) establishing a proper. contror, i4) planning for replication, ibi 
planning systematic observation of des^ptive data,^(6) identifying sources of error such as 
measurementt computation toob» instrumentation, etc. and (7) plajmiag a system' for 
processing the data to make it ready fat interpretation! ^ - 

Execute the plan of investigation by (1) coUecting, organizing, and analyzing data, (2) 
presenting findings* (3) using tools properly* (4) recorSng data' accurately indicating the 
degree of uncertainty* (5) reviewing tools and procedures used and 16) revising procedures 
where indicated by results. - ' j ^ ^ 

Evaluate reports of a current social issue of the nature suggested above to 'determine whether 
the mdast^r^ the public or both h^ve fulfilled tbeir respective ethical responsibiiities. 

Provide at least one historical example to sho^ the influence that scientific deV'elopment has 
had on social thought and/or action. 

Provide at least one historical example to shoW the influence (either positive or negativel that 
society as a whole has had on scientific development. 

'> 

Demonstrate a concern or an inteUectual interest in scientific development b^ any combination 
of activities such as the foUowi^g. ta) reading scietice related books or articles wliich are not 
required reading* tb) participating in science fairs or development of nature trails* tcl visiting a ^ 
science museum or scieryce lecture and (d) applying scientific thought to a real problem facfng 
him. ' ' , . ^ ' \ 
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Identify by name and function the major structures tbat constitute plant cells (ceQ waO, ceQ 
'^ig^brane^ nucleus, chloroplast, vacuole* mitocboMria^ jibosome, endoplasmic reticu}^}. 

lde>ntify byname and function the majo^^^rtctures that constitute animal cells (ceB membrane* 
nudeus, viacuoles, mitochondria, nbdison^es, endoplasmic reticulmn, centrisome}, 

Rebte ibe structure aqd function of ibe highly specialized cells, muscle ce&s, nerve cells^ 
epidermal ceUs in leaves, red blood cess, white blood cells, and ijrtem cells. 

Describe the -funcdops of , vanous tissues such as: wet membrane^hmgs, islets of 
Lan^erhans* pancreas/ epidermis-skin * of mammal,- xylem-roots, stems* leaves, 
meristem^plants.'^ ^ 

Describe the complementarity of the stm^ure and the function of organs using examples si^ 
as- h^an-circulation of earthworm, grrasshopper, and human, brain-nervous system of 
humans, liverniigestive system of a mammflr, uterus^production of humane, 
intesiine-dige^oil of eaitbworro, grasshopper, and human, ovary and cestes-reproduction of 
frog. fish, birds, & leaf-photosynihesis in producers* ' 

Describe ihe Jjiajor parts of various systems and rebie how these structures oontrifiute to the^ 
wel( being of the total organism. Use examples such as the following, roots-cona plant, 
circulatory,*frog,. Skeletal-insect, sketetal-mammal, nervous^uman, endocrine^buman. 
digesUonK:ow. excretion-bumari^j^ transporVwoody 'plant. ^ . 

Compare and contrast the nutritional patterns of organisms using examples such aS: algae' 
^cells paramecia, fungus-moM on toadstool, eaitbwormf grasshopper,, tree, man, parasitic 
organisms. & symbiotic organisms! ^ ' . ' - 

Describe in a g\ven organism the mechanical and chemical processes^ tb^lTchetnge food m its 
large particle form to the small particle fomi that is able to dififuse into living cells^. 

Describe supporting and conflicting evidence of the hypothesis; the larger the. size of the 
mature org^anism the more complex its systems, using situations such as. circulation m the 
earthworm and* a chojdate, gas exchange processes in the paramedum, the insects, and a 
mammal, reproduction of the paramecmm arKl a rotifi^r, & drculation of transport yn a^sponge 
and a mouse. 

Describe the stimulus^response mechanisms m various organisms such aS; parameia, 
euglena, planaria, earthworm, insects, & human^ 

Design and perform a demonstration to show the effects of tropisms such as: geotropism, 
hydrotropism, &, heliotropism. , ' ^ 

Design , perform, and re{K»rt the results of a controlled experiment to demonstrate the effect on 
living organisms of varying amounts of the following it^ms such as. water* nitrogen^ calcium, 
phosphorous, light, and.heat. Use various kinds of plants, ftuit flies* other insects, or small 
water animals. 

Relate the' role of endocrine s^retions to homeostasis, * ' ' ^ 

Describe these asj>ects of respir:ation, oistingoish ^^tween aerobic and aner^l}ic respiraUon to 
the e^feHelicy of energy release an4. the pfckiucts fonped, relate respiration to energy in all 
living things. & describee the basic chertiical changes which occur when sugar is burned and 
/fdei^tjfy the rolb^of each organ' or,organel|e involved. . ^ 



Descnbe the sctioD of ciliated or SageUeted motion as ii oocctrs in. single oeBed orgaJaisms, 
sessile water animals. £ special tissues in comples oifganisms, as frog epithelium, oviduct, 
trachael epitheltuni. . <^ 

Describe how mo%-ement is adiieved^hy muscular contraction in organisms where action 
in\^Ives mtemal external skeletons^ the action against material or opposing musdes usmg 
examples such as: mflmmalTfln mo%*ementi insect movement, round worm or ^artfa^orm 
fno^^menti perstalsis. _ ' ^ 

Describe the eicretion function hy identifying the materia! secreted, the source of the materiaJi 
and the disposition of the materials in such organs as. intestines of earthwpnn, insect, and 
mammals, lungs of leptiles. birds, and mammals, gills of fishes, kidneys of vertehrates, 
nephrons of the earthworm'i cell membrane of the paramedum. 

Identify' and contrast the sequehce of events in the mitosis of plant and anima? cells. 

Describe and contrast fertili2ation in various organisms such as. mold (Rhizopus), algs^ 
fSpirogyria, pedpgonium). a flp^-ering plant, a &og (externa} fertilization), & a mamfpel ^ 
f internal fertilization). ^ , ^ , 

Describe the various processes hy ^hich Asexual reproduction may occur and dte examples to^ 
illustrate such as fission, budding. regeneratioRi layering, fragm^tation, & sporulation. 

Relate pH scale to acidity and alkalinity. ^ 

Recognize generalized structural formulas and coi^pqnent parts of common chemical 
substances referred to in biology such as^ amino adds, prot^ins^ fatty adds, glycero). 
carbohydrates, water, carbon dioxide, & molecular oxygen. c 

Identify the three basic structural units of nucleic adds.^ phosphate ^up, sugar group, and 
base group. Cbmpare the strupture of DNA and RNA. 

Describe, by diagrams jor models, the process of DNA replication. 

By diagrams or models shm' how a given sequence of amino acids in protein synthesis is 
determined hy the chromosomes (DNA). 

Construe t a fpod web diagram that illustrates the dependence of the higlf level consumers on 
tbe low level consumers and producers &om a given list of organisms found in a community. 

Trace tbe transferofenergyfromone form to^otber as itmoves through a series of organisms - 
(food chain) starting ^t the sourt^ and ending at the final disposal into the non-^Iiving 
environment Use various types of habitats such as. a temperate prairie, afresh water lake, & 
a tundra. ' , 

Describe the carbon -oxy^n^ hydrogen cycle as it occurs in the hjosphere by relating Qie role of ^ 
the various components materials and processes such as; the series of events in 
photosynthesis which lead to capturing energy, green plants, animals, the series of events in 
respiratiori fhaf release energy from food*. & conservation of energy in the 

Relate the benefits each of the following groups of organisms give to their communities as they 
perfoon the ftinctions'by which they maintam themselves, producers^ consumers-primary and . 
secondary, & decomposers. - ' . 

' ^ 'J ' ^ 

Working from a prepared diagran^ describe the nitrogen cycle as it occurs .in his own words 
using correctly the terms, nitrifying, denitrifying, fixing nitrogen, nitrate, anmionia, bacteria, 
animal wastes, and decomposers. , • , 
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DeKTibe, by wards or diagrams, the process of sacces^on as it dccurs id the loBowing 
srtoAtiQns: a sazulj lalee share, a fallen tree, an abandoned field, a smaH pond, a salt or &esh 
water loarshp artificial harbors' and breakwaters, & lalces b^limd dams. ^ 

3y personal observatfoD and investigation, identify a given number of organisms of a 
designated locAl ecosystem. Some suggested ecosystems are. the backyard, the vacant lot in 
the neigliborbood; the aquanom in the school room, the herbarium m the school room, or any 
city park. 

Construct a study to investigate the effects of competition for water, light, and nutrients on the 
characteristics and distribution of organismS in a biome and generalize these results to explam 
the distribution of organisms in various biomes. 

Distinguish between heterotrophs and autotrophs by superficial eian^pation of speamens of 
the organisms. ' * , ' 

Identify the following V Macroscopic examination of suitable specimens, bacterial colonies, 
mold, aigae, & protozoans. 

DesCTilw the general features of the classification system generally used by biologists such 
as' binomial nomenclature, major 'kingdoms of living organisms, ^ subdivisions^pbyla, 
genera, species. 

Classify, wiih a^key. complete plant specimens into the following categories, monocotyledon, 
dicotyledon, gyinnosperms, fungus, bryopbytes, & ferns. 

Classify given organisms,* both plant ao(^ animal, into their correct phyla with the aid of 
appropriate keys, * , 

Rela^ meiosi? to the prediction of variation of character^cs in offspring, & Mendel's laws of 
segregation and independent assortment, , 

State the major parts of Darwin's Thepry of Natural Selection, cite evidence for ai^d indicate ibe 
flaws- in each part. 

Cite examples of adaptation by organisms to their peculiar environment, distinguish between 
Creative, Darwinians and Lamarckian adaptation. 

E 

Predict the adaptations that may be initiated in various organisms that survive a changing 
environment. 



Describe the relationships between the fallowing ttems as they occur- in \^ous 
organisms' number of^offspring, amount of parental care, survival rate, their position m the 
food web oflheir community. Cite examples to illustrate the relationships. 

Giveh data ^om suitable observations of plant growth at-various temperatures, plot iKe data 
and generalize from its analysis the optimum temperature range for the growth of that 
organism, 

■r' 
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GroQp the substances in a coilectton of samples pf materials and describe the basis for tqe 
grouping. ; 

Describe Spprocedure that could be used to classify a sample of a material as an element, 
compound or a mixture. 

Calculate the value of the fourth item, irom data provided or cbilected for any three of tbt 
foQowing: the thermal energy (heat transferred to or &om) of a substance, the mass of tin . 
substance, the beat capaiiity of the substance and the temperature change of the substanceJ 



f 

Identify a particular substance &om a list of common cbemicald by using a handbook 
characteristic properties of the chemicals. 

Quantitatively separate a soUd from Uquid'by filtration. 



dbook to find) 



Quantitatively separate a dissolved soUd from a Uguid by evaporation without decomposition of 
the solid. 

Construct a beating curve and/or cooling curve for'a given substance &om data collected in a 
laboratory.- 

* * 'J 

Name the elements represented, the number of the atoms of each element, and the mass of 
each element in one^mote of the compound from the formula for any given compound. 

Collect evid^ce in support of ^e Law of Conservation of Mass in chemical reactions. 

Calculate the molecular Jformula} weight of a compound for which the formula is given. 

CoQect ^experimentai data and calculate the empincal-formula of a compound. 

Write an equation to describe a chemical system that the student has observed.^ 

Construct the chemical ^kainUescnbed by an equation. 

Write a balanced chemical equatioafor a reaction involving no more than three reactants or 
products when^-giyen the formula^for the reactants and the product of the reaction. 

Calculate ihe^iD35S, mbteSTmolecules or atoms for any reactant or product in a reaction from the 
chemical equation for the reaction and the corresponding mass, number of moles, number of 
molecules, or niimber of atoms for any other reactant or products. 

Calculate mass, moles or volume of any of the gaseous products or reactants from the equation 
for reaction^ and the corresponding mass, moles or volume of any of the other reactants or 
products. ^ " . 

Do successive titratibns of three equal samples of standardized dilution which agree within the 
limits of the uncertainty of measurements of the aparatus used. 

For a given sample of a compound calculate any two of the following from its correct 
formula- the number of molasof the compound in the sample, the number of moles of any one 
elenieAtin the sample, the numberof molecules (formula units) in the sample or the number oif 
-atoms of any one element in the sample. 
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Calculate For a gaseous sample the value of the Fourth item from <lata for three of, the 
Following, the number oFmol^ in the sampte. the pressure oFgas in the sample, the vobime 
oF the sample, the temperature of the sample. 

J 

Oescnbe in qualitative terms how Kinetic Theory accounts for. difference in gases and 
liquid, pressure oF a gas, eviaporation, difference in diHusioQ rates For gases and liquids, the 
ordinary observation that the boiling point increases with molecular weight* & the relationsliip 
between the rate oF diihision and molecular weight. ^ 

Identify those assumptions oF the Kinetic Theory that are not true oF real gases and^describe at 
least one False prediction that could be made based on the theory. 

Describe qualitatively what occurs during the phase change &om a solid to a liquid is terms oF 
energy, temperature, distance between particle^, arrangement oF particles and motion oF 
particles. — ■ 

Calculate the change in energy when a given substance at a given temperature is changed to 
some nev^ temperature in another phase when given the specific heat oFtbe Substance in each 
« phase, the beat oF vaporizationf and^e beat oF fusion oF the substance. 

Oescnbe experimental evidence to support the concept that atoms contain subparttcles that 
possess electrical charge. 

Assign oxidation numbers to each .element in a compound or radical. 

Demonstrate a procedure For finding the approximate size _oF molecules and atoms. 

identify From a list oF chemical equations those v^bich represent oxidation-reduction reactions. 

For anj reaction involving oxidation and reduction, identify the reactant that is oxidized, the 
reactant that is reduced, the product oF the oxidation and the product oF the reduction. 

After conducting an investigation using lab equipment, strips oF various metals and aqueous 
solutions oF corresponding metal ions, write equations For the halF reactions which occur when 
any oftbf metal strips are placed in any solution containing one oF these Ions and order the 
resulting halF reactions^ decreasing .order oF ease oF oxidation. 

Design and demonstrate a procedure For obtaining electficity from a chemical system using two 
metals and aqueous solutions of tbcfr salts. 

Construct a saFeand adequate electric circuit For measuring the electrical variables oF various 
combinations oF baIFH:ell reactions. 

Select any metal 'meial ion balF-cell as a standard, and measure the potential oF at least two- 
other meial/metal .ion :balFH:ells^ relative to the chosen 'standard. 

List example^ and reactions invoIving^f)xidation and reduction that are necessary for human 
existence and/or physical comFort. ^ * ' 

List examples oF redactions involving oxidation and reduction that are detrimental For human 
existence and/or physical comFort. ^ 

Conduct an inv estigation to determine those condition^ that aFFect the rate'oF oxidation oF some 
material. ' , ■ 

Use the results oF the investigation to propose a procedure For eliminating (or slowing'i some 
oxidation such as tberustingof water pipes and^or'For inducing (or speeding up)^ oxidation such 
as the rusting oF metal cans. 
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ponstmct tn operational definition of adds and bases, use it to classify common substances 
found in the borne. 

IHstinquisb be^een concentration of an add and strength of an add. 

Identify propert)^ that are a periodic function of the atomii; number from a list of properties 
^ach as' melting point, atomic radinSf atomic weight, depsi^, ionizaUon energy, & heat of 
vaporization. 

For any of the properties listed, describe the trend observed as you move across a period or 
down a column inahe periodic table, such as: atomic radius, electronegativity, & ionization 
energy. 

Desigf^te the number of electrons in each orbital of an atom or simple ion in its ground state. 

Describe how the emission of hydrogen provides evidence for the theory (hat the energy of the 
electron of an atom is qutotized. 

/ 

Identify the chemical family to which ^.atom belongs &om (lata about the orbital occupancy of 
the outef or valence electrons. ' - * 

Write the electron configuration for an atom in its ground state &om its atomic number.' - 

' ' ■ ! 
Construct a Lewis (electron-dot) structure for any compound given jts fonspula and, m complex 

cases, the structural arrangement. ■ 

Calculate the number of protonsr neutronst and electrons for an atom given ^e atomic number 
and the mass number of the atom. 

Identify thoie atoms ^hich are isotopes of the Ssir^^lemeni given the atomic and mass 
numbers of various atotns. 

Determine the number of moles and the molarity of each spedes present in an ionic solution 
formed by adding a known. m^ of solute to form a known volume of solution. 

Detem^ine the resulftng concentration of each dissolved species when two soltuionsare mixed. 
Any precipitation and dissodation should be considered complete. 

Predict whether two given atoms form an ionic, polar , or non-polar covalent bond given values of 
electronegativity. * . * 

Predict the type of bonding for a substance from Experimental data such as. solubility, 
electrical conductivity fwhen f^sed or .in solution), and melting point. 

Describe the qu^tative effect , on the rate-of-reaction ,-of a change ^n temperature or 
concentration, * ' , '* ' 

Predict the change that will result in a system at equilibrium when any of the following 
occur the concentration of one of the components is changed, the pressure of the ^stem is 
changed, the thermal ejiergy is changed -or $ catalyst, is added ,t0 the system. * ' 

^yrite the equilibrium constant expression from the equation for a reaction. 

Compute the eqi^ilibrium constant given the equation, the V^ount of each component at 
equilibrium and the volume of the system. ^ 

Compute the predicted concentration of each dissolved spedes and amount of precipitation' 
when two solutions are mixed. ^ 

' ■ 37 ■ , 
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Front a list of reactions snd their eqtiili&riain constants, rank the reactions m order of 
decreasing coDcentration of products at equilibrium. , , 

Describe how the nature of the chemical bonds in a solute related to its solubilit? in various 
solvents. * 

* - , 'i ' 

Trace of history of various applications of chemicals in the eveiydaj activities of home and 

industry and identify various environmental problems that have resulted &om these 

applicatiotist include in this discussion how attempts to correct one environmental problem 

have often led to the development of another. 

Use the detergent, pesticide, paclsaging and/'or fertilizer industry to illustrate how man's u^ of 
chemical knowledge to improve his well-being has led to other problems for him and identify 
types of data that should be.aflalyzed and projected in the future before any new product should 
be marketed for mass consumption. 

Construct a test of a hypothesis about a chemical system or phenomenon. 

Describe observations that could support a hypothesis and the se that refute a hypothesis about 
a chem^ system or phenomenon. 

Construct a report of a test of aJiypothests about a chemical system of phenomenon wliich. is 
written so that it can be understood by a competent reader, provides all data which are relevant 
to the hypothesis, presents the data in an or{^erly manner and provides reasonable conclusions 
based on the data reported. " ^ ^ 

Write equations to represent nuclear transformation resulting in natural decay of radioactive 
materials. 
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Distinguish between distance and displacement, 

Solve seleci&d ptx>blems involving distance and di^lacement concept osing estimation for tbe 
magnitude and accepted units for tbe answers, , ^ 

Combine distance land displacement) intervals witb lime intervals to derive Jiew physical 
concepts ^hich better explain observed phenomena* speed, velocit? ^d acc^eration. 

^T^lnguish between inst^taneous and average speedy instantaneous and average velocity, 
and instantaneous and average acceleration* 

Construct graphs of speed vs. time; distance vs. time^ and acceleration vs< time* 

Interpret the above graphs using areas and sbpes as the r^preseptation of physical quantities. 

Define force in terms of- mass and acceleration. 

Identify fription as a force. ^ , ' - 

Define momentum in terms of mass and velocity from empirical data. 

^orflHine the ph> sical quantities o£ force, mass* distance, etc- and relate them to the Newtonian 
synthesis INewton's three laws of motion and universal gravitation.) 

List various physical properties as scalar or ved^r quai^ilies. ^ , ^ 

Formulate a model of electricity to explain selected electncal phenomena^ 

Use this model to describe other^lecttical phenomena. 

DiscusHtje monetary \alue of electrical energy used in some.$elec^d segment of socieity (e.g^; 
the home/th^^mmunit;* a given industry ) and compare tbe ctfstof that energy with the cost of 
providing the same amount of energy by some other meansi \ ' , 

\ '^\\ ^ ' 

Traee the path of an elementary charge through various cin^ts Web as. series/parallei and 
'combinations of a simple nature. \^ ^ 

Perform an investigation to determine tbe nature of the ^orc^^Reld arogmi a rharged obje<£t. 

Discover^ state, and apply a rule for detenjf&iing the jdirectjpn of a nia'^etic Reld aroun^ ^ 
electric current- 

Demonstrate how th^ forces on electric currents in magnetic fields ^e er^{wyed in meters and 
motors. . ' -V ' \ *\ \ 

De&ribe a transformer and explain its operation in termSrOl induced cilrr«nt and EMF, 

Demonstrate pr cite evidence for th& Telationshi|( between the force on a chai^d object^ its 
velocity through a magnetic field and the^strengtb of tbe^Relds. - V \ ^ 

identify the kinds of energy, mechanical, electrical, thermal, chemical, and ^ctromagnetic 
exhibited in complex systems. \ \ ^ ' 

Trace ^ a Iransfer of energy through a cycle involving two or, more changes in Idnd from 
diagrams/ pictures, or 'depionstration, ^ . \ ^ \'^* , 
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Derive ao eipression for tnanslationftl Idnej&i-e^eisy using ma'S3 and- vAodty, 

Demonstrate energy conservation using interactions wlucfa*inyolve a diange m ener^ forms. 

^ Apply the principle of conservation of enerigy and momentum to predict t&e behavior of objects 
involved 10 an elastic collision. . > . : ' 

^ ■ : . ■ \ - . ' . ' . 

Identify selectea periodic motions socb as; pendulum^ tmifbnn areolar motion and sppng 
osdliaior- 

Relate periodic motions to wave modons sncb as. sotmdf lighti radio* nucrowavef ahra^nics 
and beat. / >' ' / ' * ' 

Compare and contrast t^ wave model and partide model 4n describing ene^ transfer and 
other phenomena. 

identify properties of elementary partides such as. electron, proton, neutron and positran in 
terms of mass, size,, charge and energy level. 

Describe the relationship b^ftween gravitation and/or electric field strength and distance; 
' (inverse square relationshipN 

Cite evidence to support the law of conservation of energy for the microscopic as well as 
macroscopic state," - " • 

Test the lavrs of reflection, re&action. difErac^on and interference for light in the laboratory. 

Extend these findings to enougii other membe^of the electromagnetic family to shoWthe dose 
relationships between the members of that family. * 

Orders the commonly recognized segments of the electromagnetic, spectrum according to 
wavelength or frequency. 

Demonstrate total internal reflection. * ' 

Demonstrate the prindple of super*positjon of Waves', construct a model to explain itS' effects 
and use it to^explain various phenomena in sound, water, and light waves* ' ^ 

* List several practical appUcations of electromagnetjlc energy to daily existence. 

Relate the energy content of the various segifients of the photo-electric spectrum to frequency 
or wavelength. " • , 

Discuss the transparency of various materials to various segments of the electromagnetic 
spectrum incltiding^a discussion of such phenomena as the greenhouse effect, snow-blindness, 
Becquerel effect. &'radi6 reception. ^ 

Describe the ' condition necessary for electromagnetic wave amplification by stimulated 
emission of i^diation ttnaser and laser) and discuss some ^resei^t and potential beneficial used 
of this phenomena. 

-Discuss the propei^ties of the' elementary types of radiation (alpha, beta and gamma). * 

Use both the wave la^d partide ^models to describe various phenomena involving 
electromagnetic radiat^.' ' ^ 

Solve a simple example of E — mc^, \ ^ 

Describe in simplified general terms the operation of an atomic particle accelerator. 
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CURB^rfT EDtJCATfONAL VHWOi&QPmES TEAT BELATA* 
TO THE NATIMAL SCIENCE mKT^^ 




Career Edttcttticw 



' Df&g EducattcQ 






It iSi oar^^'Kcllef*that every area' of^ the "elementeiy school 
pinictilum, gidadirfg hatural^&ciettce, should coiitiibui^ to tixe 
reai^ng^pi^^gram, Cfaili&eD's experiences m sdeooe ^^Lboald' 
'^elp titeih leam Jbow to ^ead in bther areas. -Cafaver^jbr^^as - » 
jcfaili^^ develop ^^nefe^' reading .^d commumc^tum' sldSs 
tb€^ wiU coQtobut4jM> their deV^pment in natural sdgoce. 

' ' ' ' ^ . ; > . ' , . ■ V 

Reading:^ is essentially the xecpgnition^of ^dadoi^sh^^ between 
STmbolsand bt^ects or events, ^ ■ "/ , 

The emphasis in^the natoral Sa&nce prcgrans^ts on SnEt'hanxf * 
experi^ces wtth concrete materials*. ^Chfldtjn Irandtle^and ^ 
»^$tu37,rocks« pla^ts^ ahjrgiald^ magpaets^ etc» .These ^ cosicrete ' , 
ot^ects .and 'prtmaiT^^xperieDces to whicb syii^ls cai^ be 
elated. Words^ and s^tences taJte- Qn'me^oimg for childen 
when .they: *5ignify i^bjects that thejc have .handled and 
experiences in Which th^ have taken p^. 

' 7 / * ^ - 

Thus the naturd sde^ce pj;ogram is an integral p^' in bui^^ 

> sound reading and communication skills program. 

* * . * " . * f* 

' ' ■ ■ / * \ 

The main thi^ist of career education is to prepare* all students 

, for a supc^ful life of woik* by increasing^ their option^ for 

occupatfonalxhoice, by elinunatmg barriers * real^d imagined 

to attaining Job skills, and'by'enhajidng learning achievement 

in all subject areas and at all levels of education, ' ' 

\ * * . ' 

Career education recognizes critical deadslon points at wjoicb 

students mustbe preparedjand etjuipp^ to decide- whether to 

, pursue* ft^ job, seek .iuriher education,, or choose some ^; 

combination of both: \ " - . , 

^ - \ ^ * ' ■ r ■ ■ ' ^ 

;rbe implementatioD of the world of work ideas should be an 
int^insicpart of any science^^rurriculm.' The development' of 
/^rurriculdm materiahf including this idea is recommended and . 
*^the {^fcus of^c^eer education at' the elemenWy lever {K^) is 
' Carrer Awaxeiiess; Middle or Junior tegh School lev^l (5*S) is 
career exploration, and Senior High {9^12] the world of worit^ 

111 depth health educa^on as such is no,t considered part of the 
natural science prograzf, Tliis is an area where the;^ are%astc 
^ rejationshfps^to the biological scienceSj but the proper way to 
bathej bcush teeth, and tut fingernails is not natural science as 

The importance of learning about drugs, their use and ^buse is 
essential. The education of students, in ihis area draws a fine 
hne between natural science and health education, ^e haniral 
-science objectives are not specpfically realted to drug education. 
There ^re basic relationships with the physical (chemistry) and 
biological sciences, ' ^ * - 
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Field Tiips i|zid Ootdoor E<jacftQon 




Sdeac^ Pair - 




Noi^Bd^ce Theory in Scietice 
lofitrttction ' ' ^ - ' 




'Has ts ^aiea of hnpOTtancemfHtpftzn^the'stod^ 
productive member of t)ie commonitj. Hie tuttoral sdeDoe 
obfecthres ' ai^ not ' specificaHy* related to emergmcj 
pr^paiedness. ISieteareba^rclatlonshq^ ajylicatiop 

Th^ '<mtdoor classroom has a moltftode ot o|>portmi£tieft. £or 
natural-sden c fe feducatioii programs, Tfas use <^ the immediate 
>aiea aboDt the sc&bol for application of the varioos aspects of 
; .'natur^adenceeducation is strong^ recommended. A guide as 
to^oR to "udlize th£$e ar^as- has been prepared by the 
P^pbrt^nent of the Interior* and the local soil conservation 
.^groa^^in coope;:^n with the State Departaneot of ^labBc 
lD5truct&>D^ . <^iesf of this gaidfi are ai^ailable &om the ^ 
the State Su^>ervisor of Science and Environmental Edacation* 

The use of field trips to vaiifjos loditions m the State and tiie 
sunrotmdiQg areas is 'recommended when the field trip Its an 
mtegral part of the leahiing sito^tion. There is a great dUl of 
planning and preparation required if the field ttp is to be a 
meaningful experie&ce. The* field trip should provide an 
excellent means for the application of natural sdeoc^ to the 
other learning areas such as social studies, art and 
commUTiicatieo skiUs. (We should note that a field trip 
requiring a two hour bus ride, then spending a half hour at a 
stteandatwQbourretumtriphasquestionablevalu^). ^ 

.'The dfeplay of student prcrjects and activities is an ^ccellent 
method of building interest in the natui^ -science prograin 
among the students and patents of a particular school or school - 
district. \ , - , * 

Particula^y in grades It6 judging should pot be conducted for 
the ^vfdid of prices in an>; fotin. Eatb student^ shou&l receive - 
some type of recognitiOTi for his efforts, 5 - 

The fair should not be just fof natural science, but be a^' 
^ukidisciplin^ event where th^ talents 'and efforts of the^ 
stO dents in all areas are presented. 

Throughout his recorded history, man has been vitally 

concemedtofindoutalltKathocanabout^bisuniverse. Hehas ; 
^ explored it in msny ways* raise(J questions about it, designed ^ 
^methods hx which k& could iilcrease .and organic his know* 
' ledge* and developed^^ystems to aid himiztunderstandmg'and 
' explaii^^ his own oBgin and natule and his place m the uni* 

verse. Among ^these systems ' are pKJostfphy, religions, 

folklore, the*arts, and4c|enc^ . - ^ * 

Scie;ice is the sy^te'm of knowing about the universe through 
data collected by observation aAd cmtrc^ed expeHmentation* 
*As data are collected, tfieorles'lue advanced' to 'explain .and 
account for wTjat hto i\een observed- fhfe tnie^ test of a theory 
' va)|d in science is threefold: U) its ability to explaipr what has 

been observed: (2) it^ abHity to predict whdt has^ot yet b^ei^* ' 
'observed; an<^(3) its ability^' to be tested by further 
^ experimentation and to he modifiedas reqUu-ed by the acquisi* 
tion of jiew data, , ^ * 
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